H NMR (400 MHz
The comparison between spectra of 3-chloropropyldimethoxymethylsilane and t3-iodopropyldimethoxymethylsilane is reported in Figure S1 . The anionic exchange reaction is confirmed by the shift from 3.53 ppm to 3.19 ppm of 3-halogenopropylic hydrogens. The shift to lower frequencies clearly
indicates that electron density of halo-methylene group has risen as a consequence of the anionic exchange with the less electron negative iodine. Dimerization of alkoxysilanes by hydrolysis/condensation mechanism also occurs, but its extent is very limited, moreover, the following polymerization and equilibration processes reshuffle/recombine the structure of the polymer. Such obtained polymers are however characterized by a too much high molecular weights (in the order of 10 5 Da) and needed to be subjected to and equilibration reaction in order set the molecular weights to an approximate valued of 20 kDa. In a typical equilibration 10 g of silicone polymer were taken up in 20 ml of toluene, 150 mg of p-toluenesulfonic acid and 30 µl of hexamethyldisiloxane are added to the very viscous solution, with stirring until the high molecular weight material has disappeared. 50 µl of water are then added and stirring is continued for two hours. The solution is finally washed with water in a separating funnel and toluene distilled off, leaving a low molecular weight silicone oil. Obtained polymers are finally washed with warm methanol to remove cyclic oligomers and dried in oven at 60°C. Gelation is a complex mechanism during which a variety of interactions such as covalent bonding, crystallization, molecular entanglement, aggregation and hydrogen bonding take place and contribute to the evolution of mechanical properties of the sample. The study of gelation dynamics is therefore fundamental to determine the best conditions for the proper implementation of these polymers as effective quasi-solid electrolytes in a photoelectrochemical device.
Storage modulus (G') and loss modulus (G") respectively describe respectively the elastic and the viscous contributions to complex shear modulus of the investigated sample. The point at which G' exceeds G" is usually referred as the gel point (GP), it indicates that an equilibrium between solid-like behavior and viscous properties has established. [5] As consequence of interactions occurring into the matrix, three distinct regimes for the evolution of G' and G" are commonly observed. [6] [7] 5
x-linking First stage is characterized by a transient plateau region, where G" is higher than G' and both the moduli are very low. During this step only a minimal increment has been detected for both G' and G", therefore, sample behaves as a fluid. As gelation proceeds, both moduli grow up: G' increase faster than G" and the differential on rates leads to a crossover of G' and G". The growth of storage modulus is indicating the formation of a three dimensional network as a solid phase whereas the growth of loss modulus is due to the formation of non-interacting systems such as low molecular weight aggregates, stray chains, dangling segments, etc.
which behavior is mainly viscous. In the final stage both G' and G" level off and are nearly invariant, suggesting the formation of a cross-linked network.
Plots describing the evolution of G' and G" modules during the time as function of cross-linking extent and at a given temperature are reported in Figure S5 .
Cross-linking is due to the quaternization reaction between the residual iodopropyl pendant groups and the terminal aminopropyl groups of the polymeric cross-linker. The amount of unquaternized iodopropyl units (which has been previously set during the quaternization step) becomes therefore a fundamental parameter to be controlled in order to determine the gel formation and hence to properly tailor the viscoelastic properties of this class of PGEs. At the initial stage of the process all the polymers appear as viscous liquids.
In Figure S5a the viscoelastic response of GL14-based gels at 50°C are shown: the formation of a pseudoplateau region characterized by a slow grow rate of the storage modulus G' is clearly visible, even for the case of GL14_Q55. After 250 min of thermal curing, G' does not exceed the value of 100 Pa. So at 50°C
GL14 responds with a no relevant enhancement of G even after a long curing time.
A visible enhancement of G was instead achieved by making the gelation process to occur at 75°C: both GL14_Q65 and GL14_Q55 exhibited a dramatic enhancement of the storage modulus which is a two-step mechanism identifiable by two different slopes in the plot of Figure S5b .
A significantly faster gelation dynamics was indeed observed in the case of GL11 series (see As noticeable, in the case of GL11-based electrolytes, the high-frequencies semicircle is only detectable, this indicating the major contribution to the overall impedance of the system comes from the parallel connection of charge transfer resistance and double-layer capacitance, whereas the low-frequencies signal is not clearly visible at any cross-linking stage. What is indeed clearly visible is the dramatic reduction of the highfrequencies semicircle size upon the cross-linking. Nyquist plots of GL14 series also exhibit a similar trend, but in this case the diffusive component became clearly detectable since from the early stages of the thermal curing as a consequence of the relatively lower viscosity of these electrolytes. Figure S8 and their performances are summarized in Table S2 . EIS analysis on DSSCs. Electrochemical impedance spectroscopy (EIS) measurements were performed within 72 hours also on the dye solar cells. The resulting spectra were fitted with the ZView software and analyzed through the well-known equivalent circuit [10] . Figure S9a and Figure S9b show the charge-transfer resistance (R CT ) and the diffusion resistance (R diff ) as a function of applied voltage. From the analysis of figure S9a, it can be noticed that the values of Rct, in the range of applied bias, slightly decrease during the first 20 hours and then is quite constant during the remaining hours of monitoring.
This trend confirms that of open circuit voltage variation (Fig 3a) . The trend in Rct during the 72 hours is partially related to the increase of iodine concentration, which is delivered upon the curing process but it can be also ascribed to the better permeation of the viscous liquid into the TiO 2 mesoporous electrode.
The diffusion resistance (Fig. S9b ) resulted indeed in a noticeable reduction upon the completion of the curing test, thanks to increased iodine concentration which seems to overcome the detrimental effects on ion mobility associated to the higher viscosity of the x-linked polymer. Figure S9 . Fitted values of R ct a) and R diff b) extrapolated from EIS measurements on a GL11_Q80-based DSSC during the x-linking process.
